A mutant of E. coli, isolated by Kindler and Hofschneider as a strain defective in RNase III activity, forms a 30S precursor of ribosomal RNA ("30S pre-rRNA"). The half-life of the 30S pre-rRNA in growing cells at 300, estimated by the rate of specific 3[H]uridine incorporation, is about 1 min. In rifampicin-treated cells, the RNA is metabolized to mature rRNA with a halflife of about 2 min.
27%o of the 30S pre-rRNA is not competed away from hybridization by mature 16S and 23S rRNA.
Thus, bacteria appear to make a pre-rRNA similar in some respects to that observed in eukaryotes; though in normal E. coli cells, the pre-rRNA is ordinarily cleaved endonucleolytically during its formation. AB105, isolated by Hofschneider and his collaborators (1), was originally characterized as a strain of Escherichia coli that grew poorly even in rich medium, and yielded extracts which showed little or no attack on the double-stranded replicative form of RNA from R17 phage. Such endonucleolytic attack is attributed to RNase III (2) .
One suggested process in which endonuclease function might be required is the formation of 23S, 16S, and perhaps 5S RNA from longer transcripts, possibly even starting from a single initiation point (3, Pace, N. R., review in preparation). In growing bacteria, this process has been inferred only from indirect experiments that sometimes allowed conflicting interpretations (4, Pace, N. R., review in preparation). In AB105, the process is slowed and a precursor containing both 16S and 23S rRNA becomes directly observable.
MATERIAL AND METHODS
E. coli strain AB105, from Dr. P. Hofschneider, and its parent strain A19 (5) were grown at 300 with aeration, in minimal * On leave from the Institute of Biochemistry, Bulgarian Academy of Sciences 30S precursor to ribosomal RNA, pre-rRNA, was purified by two successive zonal sedimentation runs. 38-ml 10-30% sucrose gradients were used in the SW27 rotor of the L2-65B Spinco ultracentrifuge (see Fig. 4 ). The buffer in the gradient was 0.1 Al Tris-acetate (pH 7.5) containing 0.5% sodium dodecyl sulfate, which permitted centrifugation at 4°without salt precipitation. Centrifugation in each run was for 23 hr at 25,000 rpm. 0.75-ml Fractions were collected by pumping from the bottom of the tubes. The fractions from the second gradient containing the 30S pre-rRNA (as in Results, Fig. 4) were again precipitated with ethanol.
For DNA-RNA hybridization analyses, the purified 30S When 30S RNA was pulse-labeled for 1 min in growing cells, and 300 Og/ml of rifampicin was then added to block further initiation of RNA chain synthesis, the fate of the RNA could be inferred from the subsequent distribution of radioactivity. Fig. 1 shows some analyses at increasing times after rifampicin addition. The regions of 16 S and 23 S at early times are obscured by mRNA species, but in Fig. 1 (and also in Fig. 4 below) , the newly synthesized RNA appears to progress through the sequence 30 S, then 25 S and 17.5 S before appearing as mature 23S and 16S RNA. Presenting these data as in Fig. 2 illustrates that during rifampicin treatment 30S RNA decays with a half-life of about 2 min.
These results suggested that the 30S RNA might be a precursor of 16 S and 23 S rRNA. The suggestion is further supported by labeling studies and DNA-RNA hybridization Zonal sedimentation analysis and purification of 30S pre-rRNA in sucrose gradients. Cells were labeled as in Fig. 1, but with 50 /ACi/ml instead of 5 ,Ci/ml of ['Hluridine. 2 min after rifampicin addition, the 10-ml culture was harvested and RNA was extracted and fractionated in sucrose gradients (for details, see Methods). The left panel shows the sedimentation profile in a sucrose gradient of the extracted RNA (compare the electrophoretic analysis of the 3-min sample in Fig. 1 ). The fractions from the shaded area were pooled, the RNA precipitated with ethanol, resuspended and reanalyzed. The 30S peak of the second gradient (right panel) was used as 30S pre-rRNA for the analyses of Fig. 6 below. 19 ). The molecular weights of the markers were used to construct the scale of the ordinate. Positions of the "25S" and "17.5S" RNA species (compare Fig. 4) are also indicated.
analysis. If labeling with [3H ]uridine was continued for longer times, without rifampicin addition, analysis of extracted RNA showed a gradual saturation of the 30S RNA peak. The 'H content of 16S and 23S RNA is again obscured at early times, but there is a progressive increase in 16S and 23S rRNA thereafter. A number of the analyses are summarized in Fig. 3 . From the kinetics of saturation, we estimate that the half-life of the 30S pre-rRNA in growing cells is about 1 min.
The very large size of 30S RNA has simplified its purification. The resolution from other RNA is as good in sucrose gradients as in gels. When the fractions comprising the 30S peak from a sucrose gradient were pooled, concentrated, and analyzed again, the RNA was essentially pure by centrifugal (Fig. 4) or electrophoretic analysis (data not shown). In these experiments, the initial RNA fraction contained mature 16S
and 23S RNA labeled with [14Cluracil as a marker; the purified 3H-30S RNA contained no detectable '4C label, confirming its purity as >98%.
A finer estimate of the size of the 30S RNA was obtained from comparisons of its mobility and sedimentation to those of added E. coli or HeLa cell RNA markers. For example, Fig. 5 shows a comparison of mobilities in gels; on this basis, the large RNA from E. coli has a molecular weight of 2.3 X 106 5%, and will be called 30S pre-rRNA. A very similar estimate was derived from additional sedimentation analysis.
The availability of pure 30S pre-RNA made possible independent, definitive proof that it contains the sequences of mature rRNA. Fig. 6 shows the results of a sample DNA-RNA hybridization trial. Both 16S and 23S RNA competed with 30S pre-rRNA sequences in the trials. Though difficulties with cross-hybridization make it impossible to quantitate the relative amounts of 16S and 23S-specific sequences, the maximum competition is clear (Fig. 6 Competition for DNA-RNA hybridization by 30S pre-rRNA and mature 16S and 23S rRNA. Top panels show the competition of labeled 30S pre-rRNA by increasing levels of unlabeled 23S and 16S rRNA. Bottom left, competition by total unlabeled ribosomal RNA, plotted as percent of the hybridization in absence of competitor. Bottom right, the data for competition by total rRNA, plotted as a function of the reciprocal of added competitor concentration. Hybridization reactions contained, in 0.5 ml of 6-times concentrated standard saline-citrate, 0.1 /Ag of labeled 30S pre-rRNA (3500 cpm) and a filter bearing 100 pg of alkali-denatured unlabeled E. coli DNA. After 20 hr of incubation at 660, the filters were treated with 40 ,g/ml of pancreatic RNase (pre-heated to inactive DNase) for 1 hr in 2-times concentrated standard saline-citrate (9), then washed with 50 ml of the same buffer, dried, and counted in toluene scintillation fluid. panels): total unlabeled ribosomal RNA competed with 73% of the sequences in 30S pre-rRNA.
DISCUSSION
There seems little doubt that the 30S RNA species formed in strain AB105 is a pre-rRNA that is a primary transcription product, The sharpness of the peak suggests that the RNA is uniform in structure. From the sum of the results, each chain likely contains one 16S and one 23S rRNA molecule, as well as additional sequences. This transcript will probably be valuable for 'studies of sequences in rRNA and of steps in ribosome formation.
Estimates from zonal sedimentation and acrylamide gel analyses have agreed, so that the estimated molecular weight of 2.3 X 106, or about 7700 nucleotides, is probably not distorted by unusual conformational effects, and should be accurate to ±5%. (Fig. 4) appear to be initial cleavage products of 30S pre-rRNA (see below), which give rise respectively to 23S and 16S RNA. (3) The results help to settle a puzzle about the origin of 23S RNA: During continuous labeling of cells with [3H]uracil, the rates of labeling of 16S and 23S rRNA became maximal with a very similar time course (10, 11) . These results contrasted with the expectation of a synthetic time half as long for the 16S RNA. However, if the 23S RNA sequences are located near the 3'-terminus of a 30S pre-rRNA, then complete 30S chains will first be labeled in their 23S RNA portion, with a lag before 16S RNA sequences are appreciably labeled. A split in the 30S pre-rRNA when RNA polymerase is part way through the 23S RNA sequence could then produce the observed rates of labeling of mature 16S and 23S rRNA.
A similar suggestion has been made by Pettijohn and Kossman, who have observed formation of long RNA chains in vitro, apparently by extension of those begun in vivo; the chains contain both 16S and 23S RNA sequences in tandem (manuscript in preparation). The largest precursor they report ("p30S") is rather smaller than the 30S pre-rRNA reported here (1.75 X 101 instead of 2.3 X 106); but their suggestions that RNA polymerase can read an entire rRNA transcription unit as such, with no internal initiations, and that the product is then cleaved, are demonstrated here in vivo.
Since strain AB105 shows a specific lesion in RNase III (unpublished results), it seemed possible that RNase III was directly involved in the processing of the 30S pre-rRNA. We have found that highly purified RNase III produces 25S and 17.5S RNA peaks when incubated with pure 30S prerRNA; the products comigrate in gels and sucrose gradieitF with the 25S and 17.5S RNAs seen in vivo (Fig. 4) . RNase III has been considered completely specific for double-stranded RNA species; but in addition to our data, Dunn and Studier report a possible involvement of RNase III in the cleavage of RNA polymerase products formed on purified T7 DNA (12) . The continued slow growth of strain AB105 might then be due to a low remaining level of the important RNase III, or to the weak action of another, "substituting" RNase that provides a slow rate of ribosome formation.
If one assumes that. the 30S RNA in ABl105 is truly a full transcript of a ribosomal RNA segment of the genome, then the apparent difference in rRNA formation in bacteria and eukaryotic cells becomes much less. The rRNA precursor in plants, for example (13) , is almost the same as 30S prerRNA in its mobility in acrylamide gel electrophoresis. Snyder et al. (14) 
